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SUMMARY 
A n  invest igat ion has been made i n  the  Langley fu l l - sca le  tunnel  t o  determine 
the  longi tudinal  aerodynamic charac te r i s t ics  of a large-scale  semispan V/STOL 
t i l t -wing  configuration having a s ingle  propel ler  which ro ta ted  i n  such a direc-  
t i o n  t h a t  t he  propel ler  blades ro ta ted  upward a t  t he  wing t i p  and downward near 
the  root.  The wing had a chord of 0.6 propel ler  diameter, a Fowler f l ap ,  an 
aspect r a t i o  of 4.05 (2.025 f o r  the semispan), a taper  r a t i o  of 1 .0 ,  and an 
NACA 4415 a i r f o i l  sect ion.  
The data are presented without de ta i led  ana lys i s ,  but th ree  r e s u l t s  were 
found t o  stand out very markedly from a casual inspection of the data. F i r s t ,  
the  t u f t  t e s t s  showed no s t a l l  on the  p a r t  of the wing immersed i n  the  propel le r  
sl ipstream a t  angles of a t t ack  well  above t h a t  corresponding t o  the  peak of t he  
l i f t  curve fo r  the  high-thrust  conditions corresponding t o  operation i n  the  STOL 
range of f l i g h t .  Second, the  wing-flap combination w a s  found t o  be su f f i c i en t ly  
e f fec t ive  t o  prevent wing s t a l l  except i n  the  unprotected center  sect ion (judged 
from t u f t - t e s t  r e s u l t s )  over the  e n t i r e  range of STOL operating conditions cov- 
ered i n  the  t e s t s ,  which included the  conditions required f o r  descent angles as 
high as about 20° f o r  each t e s t .  And, t h i r d ,  t he  use of leading-edge h i g h - l i f t ,  
o r  s t a l l - con t ro l  devices w a s  not found t o  be benef ic ia l  i n  t he  conditions corre- 
sponding t o  the STOL f l i g h t  range, evidently because the  wing did not s t a l l  w i t h -  
out such devices. 
INTRODUCTION 
Most of the  aerodynamic research t h a t  has been done on the  t i l t -wing  
propeller-driven V/STOL configuration i n  the  pas t  has been of an exploratory 
character and has been obtained with small-scale models. The i n t e r e s t  i n  t h i s  
type of a i rplane has now become so subs tan t ia l ,  however, t ha t  there  i s  a need f o r  
large-scale systematic aerodynamic design data f o r  t h i s  type of a i rplane.  A pro- 
gram has therefore  been inaugurated a t  t he  Langley Research Center t o  provide 
such information by means of t e s t s  of a large-scale  semispan tilt-wing-and- 
propel ler  model i n  the Langley fu l l - sca l e  tunnel.  Tests have been completed on 
a model having a s ingle  propel ler  on the  semispan wing and having a chord-diameter 
r a t i o  of 0.6, a 40-percent-chord Fowler f l ap ,  and three d i f fe ren t  leading-edge 
flow-control devices - a s l a t ,  a droop nose, and a Krueger f lap .  The invest iga-  
t i on  covered a range of angle of a t t a c k  from -200 t o  goo and a range of power 
conditions from zero t h r u s t  t o  t h a t  required f o r  hovering. The d i rec t ion  of pro- 
p e l l e r  ro ta t ion  w a s  such t h a t  the  blades were going upward at  the  wing t i p .  The 
l i f t ,  drag, and pi tching moments of the  model were measured over the  range of 
t e s t  conditions and the  flow was observed by means of t u f t s  on the upper surface 
of the wing. The r e s u l t s  of t h i s  invest igat ion a r e  presented herein without 
de ta i led  analysis  i n  order t o  expedite t h e i r  dissemination t o  industry and the  
mi l i ta ry  services.  A few observations a r e  made, however, of some of the  more 
obvious r e su l t s .  
SYMBOLS 
The pos i t ive  sense of forces ,  moments, and angles i s  shown i n  f igure 1. The 
pitching-moment coef f ic ien ts  a r e  presented with reference t o  the  wing quarter-  
chord l i n e .  The coef f ic ien ts  a r e  based on the  dynamic pressure i n  the  propel ler  
slipstream. Conventional coef f ic ien ts  based on the free-stream dynapic pressure 
can be obtained by dividing the  sl ipstream coef f ic ien ts  by (1 - C T , ~ ) ;  f o r  
example, CL = cL,s/(l - cT,s )*  
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propel ler  diameter, f t ;  a l so ,  t o t a l  model drag, l b  
width of s l a t  o r  of f l ap - s lo t  gap; a l s o  t h i c h e s s  of propel ler  blade 
t o t a l  model l i f t ,  l b  
pitching moment, f t - l b  
free-stream W a m i c  pressure,  - ”*, lb / sq  f t  
2 
T 
sl ipstream w & c  pressure,  q + - 
*D2/4’ lb’sq ft 
radius t o  element on propel le r  blade 
radius of propel ler  blade (34 i n . )  
area of semispan wing (23.62 sq f t )  
propel ler  t h rus t ,  l b  
d g l e  of a t tack ,  deg 
Fowler f l a p  def lect ion,  deg 
leading-edge-slat def lect ion,  deg 
droop-nose def lect ion,  deg 
Krueger f l a p  def lect ion,  deg 
mass density of a i r ,  slugs/cu f t  
f r ee  -stream veloci ty  , f t  /sec 
APPARATUS 
The model used i n  t h i s  invest igat ion was a semispan model which would repre- 
sent t he  l e f t  panel of a full-span wing. The pr inc ipa l  dimensions a r e  given i n  
figure 2(a) ,  the  propel ler  blade cha rac t e r i s t i c s  a r e  given i n  f igure 2(b) ,  and a 
photograph showing the  model mounted i n  the  Langley fu l l - sca l e  tunnel i s  pre- 
sented i n  f igure  2(c) .  
tunnel so t h a t  l i f t  and drag measurements were read d i r ec t ly  about the  wind ax is .  
A t  t he  point where the wing extended through the  r e f l ec t ion  plane, very s o f t  
The wing w a s  mounted on the sca le  balance system i n  the  
3 
sponge rubber w a s  used as a seal t o  prevent a i r  from leaking through the  re f lec-  
t i o n  plane a t  the  wing root .  
The model w a s  constructed t o  allow numerous changes t o  be made i n  the  t e s t  
configuration, such as a change of a i r f o i l ,  leading-edge modification, t r a i l i n g -  
edge f l ap ,  d i rec t ion  of ro ta t ion  of the propel ler ,  and wing planform. The basic 
s t ruc ture  of the wing cons is t s  of a heavy s t e e l  box-beam spar t o  which a power 
t r a i n  t o  drive the  propel lers  through spanwise shaf t ing i s  attached, and around 
which various a i r f o i l  contours can be f i t t e d .  
The model configuration f o r  the  present t e s t s  had a s ingle  68-inch-diameter 
propel ler  having the  charac te r i s t ics  shown i n  f igure  2( b)  . 
located spanwise so t h a t  t he  propel ler  t i p  extended out t o  the  wing t i p .  
direct ion of propel ler  ro ta t ion  w a s  up a t  the  wing t i p  and down a t  the  root .  
This mode of ro ta t ion  i s  sometimes re fer red  t o  as "with the  t i p  vortex." 
l e r  t h rus t  w a s  measured by a strain-gage balance which w a s  a pa r t  of propel ler  
shaf t .  The output w a s  fed through s l ip r ings  t o  an indicat ing instrument. The 
required values of t h rus t  f o r  each were s e t  by the operator by changing 
the  speed of t he  dr ive motor. 
l e r  w a s  held constant a t  17.0' throughout the  invest igat ion.  The th rus t  ax is  w a s  
incl ined upward 4' from the  chord l i n e  of the  wing t o  correspond approximately t o  
the  ze ro - l i f t  l i n e  of t he  NACA 4415 a i r f o i l  section. 
The propel ler  w a s  
The 
Propel- 
C T , ~  
The blade angle a t  the  0.75R s t a t ion  of the propel- 
The a i r f o i l  used w a s  the  NACA 4415 sect ion with a 41-inch chord. This chord 
length gave a r a t i o  of wing chord t o  propel ler  diameter of 0.6. The reference 
area of t he  wing based on a semispan of 83 inches w a s  23.62 square f e e t ,  which 
did not include the  area of the  t i p  f a i r ing .  
The model had a 40-percent-chord Fowler-type trail ing-edge f l ap  which, a t  
t he  hinge point  shown i n  f igure 3, had a def lect ion range from 00 t o  60°. 
t h i s  hinge posi t ion the  f l ap ,  a t  a def lect ion of 50°, w a s  located i n  a near- 
optimum posi t ion but a t  a def lect ion of 60°, the  f l a p  nose had ro ta ted  t o  a posi- 
t i o n  behind the t r a i l i n g  edge of the wing. The f l a p  w a s  reposit ioned f o r  one 
t e s t  t o  give the  same re l a t ive  gap geometry a t  the  60° deflect ion as f o r  the  50' 
def lect ion ( see  f i g .  3) ,  and t h i s  pos i t ion  has been designated the "a l te rna te  
hinge point . I '  
With 
The three  leading-edge flow-control devices shown i n  f igure 3 w e r e  inves t i -  
gated i n  combination with the f l a p  on t h i s  model. These devices were a Krueger 
f lap,  a drooped nose, and a leading-edge s la t .  The Krueger f l ap ,  which i n  the  
re t rac ted  posi t ion i n  ac tua l  use would form the  bottom contour of the nose sec- 
t i on ,  w a s  constructed of sheetmetal and w a s  hinged a t  t he  wing 0 . 1 7 ~  s t a t ion .  
Its deflect ion could be varied from 30° t o  90' i n  increments of 100. 
edge droop w a s  provided by def lect ing the  e n t i r e  nose section about a hinge point 
on the lower surface a t  the  0 . 1 7 ~  s t a t ion .  The range of droop angles w a s  from Oo 
t o  30°. 
s l o t  gaps (0 .0244~  and 0 .0122~)  were provided. 
the t r a i l i n g  edges of the  slats were 0 . 0 2 0 5 ~  and O.Ol5lc, respectively,  above the  
wing chord. These s la t  def lect ions were grea te r  than those normally used on con- 
ventional a i rplanes,  and the s la t  w a s  located i n  a lower posi t ion.  These s la t  
def lect ions and posi t ions were selected on the  bas i s  of previous small-scale 
Leading- 
For the  leading-edge s l a t ,  two def lect ion angles (200 and 300) and two 
With gaps of 0 .0244~  and 0 .0122~  
t i l t -wing  t e s t s ,  but no e f f o r t  w a s  made t o  insure t h a t  they w e r e  near optimum, 
since it was found t h a t  t h e  wing did not s t a l l  i n  t he  t e s t  range and therefore  
did not benefit  from t he  use of leading-edge flow-control devices. 
TESTS, RESULTS, AND CONCLUSIONS 
Before the  tests were begun it w a s  necessary t o  determine the  nature of t he  
tunnel conditions i n  which the  model would be operating. 
the  model location and 20 f e e t  ahead of the model were made with the  tunnel empty 
and a t  20 f e e t  ahead of t h e  model with the  model i n s t a l l e d  and operating a t  a 
h igh - l i f t  configuration. It w a s  found t h a t  because of the small s i ze  of t he  
model i n  re la t ion  t o  the  tunnel  s ize ,  the  model had very l i t t l e  e f f ec t  on the  
flow. Dynamic pressure var ia t ion  w a s  about 1.0 percent and changes i n  stream 
angles were l e s s  than 0.30. 
the  data. 
Extensive surveys a t  
Consequently, no corrections have been applied t o  
The t e s t s  were run f o r  a range of Fowler f l a p  deflections and a range of 
se t t ings  f o r  t he  leading-edge flow-control devices. 
t es ted ,  together with a l i s t  of tab les  and f igures  i n  which the  data f o r  each may 
be found, a r e  given i n  the  following tab le :  
The spec i f ic  configurations 
Leading-edge c o n f i g u r a t i o n  
Bas i c  l e a d i n g  edge 
Droop nose :  S, = 20° 
s, = 300 
s, = 100 
s, = 200 
s, = 30° 
Krueger  f l a p :  
Leading-edge s 
h/c = 0.012; 
h/c = 0.024; 
h/c = 0.012; 
h/c = 0.024; 
a t :  
6s = 200 
6s = 200 
6s = 30° 
6s = 30' 
F l a p  d e f l e c t i o n ,  deg  
6f = 0 
6f = 20 
6f = 40 
6f = 50 
6f = 60 
6f = 60 * 
6f = 40 
6f = 50 
6f = 50 
6f = 50 
6f = 40 
6f = 20 
6f = 50 
6f = 50 
6f = 50 
6f = 50. 
6f = 50 
6f = 50 
6f = 50 
6f = 50 
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A l t e r n a t e  h i n g e  p o i n t .  
5 
The t e s t s  were made over a range of thrust coefficient from 0 t o  1.0, and fo r  any 
given t e s t  the thrust  coefficient was held constant over the angle-of-attack 
range by adjusting the propeller speed t o  give the required thrust a t  each angle 
of attack. 
angle required fo r  zero l i f t  t o  t ha t  required t o  s t a l l  the  wing or  develop a 
drag-l i f t  r a t i o  of about 0.3, whichever w a s  lower, except fo r  
s t a t i c  thrust  case) where the angle-of-attack range was Oo t o  goo. 
The angle-of-attack range for  the  t e s t s  was approximately from the 
C T , ~  = 1.0 ( the  
The data presented have not been analyzed i n  d e t a i l  but have been examined 
F i r s t ,  the  t u f t  t e s t s  showed no s ta l l  on the par t  of the  wing immersed 
t o  observe the general trends. From t h i s  examination, three resu l t s  a re  note- 
worthy. 
i n  the propeller slipstream a t  angles of a t tack well above tha t  corresponding t o  
the peak of the l i f t  curve fo r  the  high-thrust conditions corresponding t o  opera- 
t ion  i n  the STOL range of f l i gh t ;  however, fo r  the low thrus t  coefficients,  the 
center-section s t a l l  correlates with the angle of a t tack for  maximum l i f t .  Sec- 
ond, the wing-flap combination w a s  found t o  be suff ic ient ly  effect ive t o  prevent 
wing s t a l l  (judged from tu f t - t e s t  resu l t s )  over the en t i re  range of STOL operating 
conditions covered i n  the t e s t s ,  which included the conditions required f o r  
descent angles as high as about 20° fo r  each t e s t .  
edge high-l i f t ,  or stal l -control  devices, was not found t o  be beneficial  i n  the 
conditions corresponding t o  the STOL f l i gh t  range, evidently because the wing did 
not s t a l l  without such devices. 
T h i r d ,  the use of leading- 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., October 18, 1963. 
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cL,s 1 cD,s I %,s 





























-.094 - .lo5 - .113 
-.112 
-.111 - .lo1 
-0.704 
-. 771 
- .814 - .825 
-.eo5 
-.769 - .713 
-.639 













































-.063 - .058 - .Ob5 
- .053 
-.O& - .lo5 - .142 - .164 
-.1e0 
- .184 - .189 







-.956 - .916 
-368 
- .789 - .727 - .628 
- .544 - .454 
-.348 


























- .036 - .026 






- .014 - .018 
- .026 
-.030 
-.om - .024 - .026 
- .023 - .017 
- .010 
cT,s = 0.30 
-0.765 













- . a 5  - .270 
- . 8 2  
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-.139 - .222 
-.r13 





- .063 - ,074 - .071 - .071 
-e059 
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<u-, = u- 
. .  
Cm,s 
-0.238 
- .250 - .256 - .245 
-.246 - .252 - .260 - .269 
- .283 
- .282 






-0,267 - ,316 
- .321 
-.3a - ,326 
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- . 7 9  
-.775 
- .725 - .654 
- ,557 - .445 - .316 
,069 
.398 

















































1.450 - ,273 




























































































































-.035 CT = 0.90 
















-0.885 - ,920 
- .912 - ,892 
- .e53 
-.793 
-.718 - .622 
-.409 
- .292 




















































-.9u - .e42 
- f734 
TABLE 3.- TABUIATED AEROLVIUMIC DATA FOR Sf = a0, E,, = Oo 
cT,s = 1.00 CT,s = 0.80 
0.139 -0.715 













































-.502 - .510 
-, 527 
-.m - .451 - .417 
-.380 
-.339 
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-.330 - .328 
-.39 - .345 - .349 
-.347 
-.340 - .328 - .318 
- .294 - .276 
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-.639 - .665 
- .694 
-.735 





































-.775 -. 703 
-.a5 
-.4* 










-.398 - .417 - .416 - .425 - .421 - .419 
- .397 - .364 
- .333 

























TABLg 4.- T ” Z D  AERODYNAMIC M A  FOR 6p = W0,  = 0’ 
-0.691 
-.672 - .617 
- .5w - .43l 
- .305 
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-.586 
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- a  695 -.& 
-.w5 - .416 
-.m3 











-.404 - .423 - .432 - .434 - .434 
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-.a9 -.* - .223 
0.254 
.524 















-0.601 - .744 
-.774 - .783 
-.g01 
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- . a 7  
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.355 
.394 
-0.446 - .452 - .454 
-.463 
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- . 6 ~  - .644 
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-.375 - .324 
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CT,S = 0.95 
TABLE 6.- TAHJIATED AERODYNAMIC DATA FOR Bf = 600, 41 = Oo, AND ALTERNATE HINGE PODKC 
I cL,s 1 c D , ~  




------ _____-  
-0.280 
-.330 - .329 
- .327 






- ,351 - .334 
_ _ _ _ _ _  
_ _ _ _ _ _  
------ 
------ 






- .435 - .456 - .467 - .469 
- .477 -.w 
- ,449 
-.402 
- .356 - .322 - .289 
-0.465 
- .466 - .470 
- .479 
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C T , ~  = 0.90 
-0.768 
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- .632 - .541 
- ,429 
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- .334 - ,349 
- .365 - .368 
-.369 
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-0.819 - ,827 
- ,810 
- ,766 - .TO1 
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- .336 - ,375 - .391 
- .416 
- .433 - .442 
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-0.225 - .321 
-.%a 
- .832 
-.g03 - ,951 - .976 
-.E33 - .731 
__ .- . 
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-0.652 
-.I% 
-.675 - .642 
-.545 -. 433 
-.294 






... .. . ... 
TABU 8.- TABUIATED AWOMRAKLC MTA FOR 6f = 4O0, a, = No 
_. ~ 
-0.280 - .282 
-.317 
- . 3 9  
-.462 
-.w9 - .528 
-.59 
-.520 
- .497 - .472 
- .435 

























































-0.9 - .425 
- .433 









-e356 - .47J 
-.604 - .651 
-.a4 
-.a1 
- .599 - .542 
-.m6 
-.462 
CT+ = 0.95 
-0.870 
-.a79 
-.e63 - .e35 
-.777 
-.7u -.a2 
- .543 - .434 
- .332 
-.238 
-.133 - .020 
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2 . W i  
-.430 
- . a 4  
-.427 - .418 - .397 - .373 
-.340 
-.302 - .243 
-.a33 
-0.196 
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-.pol - .I37 
.003 . ll8 
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-.4m 






-0.360 - .382 
-.397 
-.409 - .434 
-.446 
- .437 - .447 
-.444 - .442 
-.4X - .419 
-.3% - .351 
-.3ll 
-.271 - .244 





-.862 - .952 
-.%9 









































-.a4 - .492 
- .365 
-.247 
















-.4$ - .39l - .352 -.w -.e 





































-e551 - .423 






























-.371 - .415 
- .527 
-.590 - .617 - .638 
- .639 
- .607 
- .566 - .510 






-.545 - .656 
- .732 





















































-0.853 - .845 - .822 
- .775 - .TO1 
-.610 
-.505 - .416 








-.319 - .332 
-.359 





















30 - .437 
-.439 - .438 
- .438 
































-0.392 - .454 



























































5 . 3 3 3  - .358 - .385 - .426 
-.483 
- .499 











































~ .. . . ... - . . 



















































































































-0.321 -. 332 
-.360 - ,447 





-0.609 - .631 
- .625 
- .570 - .447 







































































- .310 - .320 
-.280 
- .345 - .378 
-.402 
- .427 - .43l 
- .421 
- . a 7  
- .393 
-.374 - .341 
-.w 
-.260 - .226 
CT,~ = 0.30 


























-.980 - .681 








































-.406 - .344 









































































TABL!3 12.- TABULATED AEROMRAMIC DA?X FOR 6f = 20', 61( = 30' 
Cm,s 
-0.156 - .165 - .173 
-.a35 - .223 - .241 
-.258 - .262 - .273 - .267 
-.266 
-.260 - .249 - .225 
-.203 - .178 
-0.182 - .18j - .191 
















-0.184 - .I75 
-.19 - .216 
-.%7 - .527 
-.5a 









































- .479 - .454 































































CT+. = 0.30 





























































-.v9 - .172 -.& 
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TABU 13. - TABULATED AERODYNAMIC DATA 
FOR 6f = 50°, S, = 50° 
























































































- - 723 -0.231 -.250 - .279 - .291 
- 303 
--313 - .342 - .364 
- .410 - .421 
- .413 
- .396 
- - 357 




























-.363 - .381 
-.340 
- . io7 























- - 563 
TABU 14.- TAHJLATED AERODYNAMIC DATA 

















































* 727 .ea2 
.983 


















- -270 - -143 
.324 










CT,s = 0.60 
-.030 - .362 
- -339 









- .275 - -300 
- -300 - .321 




- .343 - .301 
- .269 - .227 
-0.187 
- .222 
-.260 - .314 














- .599 - .656 
- .670 - .583 
- ..532 
TABLE 15. - TABULATED AERODYNAMIC DATA 
























































1 - 155 










































































-0.178 - .204 
- .257 
-.259 - .282 
- .285 
- .296 -. 319 
-e325 - .342 
- * 351 
- -337 























- .576 - .622 





T A B U  16. - TABULATED AERODYNAMIC DATA 










































































































































- - 332 








- * 173 
- .219 
-.275 
- - 323 

















- e  563 - .528 
20 
-0.110 
















- .385 - .227 
- .064 
.121 - 253 
.306 - 313 
.458 
TABLE 17. - TAEULATED AERODYNAMIC DATA FOR 
6f = 50°, 6s = 200, - = 0.012 h 
TABLE 18. - TABJLATED ABRODYNAMIC DATA FOR 




















































































1 - 329 
1.293 
1 - 259 









.810 - 999 
1 137 
1 * 255 







-0.735 - - 756 -. 744 
-.709 -. 646 - .560 









- - 273 
-e295 - .322 











-0 - 733 
- .755 
- .743 
--707 - .636 
- .544 
- .425 










-.325 -. 349 
-a390 - .421 
- .449 





- - 323 - .312 
-. 254 
‘T,s 
-0.096 - 079 




1 - 509 
1.673 
1.670 
0.80 c T , ~  = 0.80 
-0.260 
- .281 

















- e  565 
- .586 




- .625 - .621 - .584 
- * 503 









-0.324 - - 370 
-e390 
















































- * 530 - .650 
-.743 
-.750 

































TABLE 19. - TAEIJLATED AEROMNAMIC DATA FOR 





















- .579 - .498 
- - 385 

























































___~  . 
-0.723 - .742 
- .702 - .644 
- - 563 
- .459 
-*323 - .191 

























































1 - 539 













. .  
-0.240 - .261 
-.2% - - 306 - .326 
- .351 
-.380 -. 434 
- .452 
- .461 - .453 - .421 
-.378 
- .332 
-.280 - * 255 - .212 
-0.252 - .267 
-.305 - .347 - .394 - .461 
-. 545 
- - 565 
-. '4.89 





_ _ -  
-0.244 - .265 - .302 
- .359 
-.487 
- .617 - .732 
-.748 




L '  
TABIX 20. - -TED AERODYNAMIC DATA FOR 

































































- - 699 - .638 
- .555 
- .439 -. 318 

































- - 273 - .294 
-. 311 










-e257 - -230 
. .  
~ 
-0.301 
- .267 -. 316 
-.348 
-.403 
- .455 -. 519 
- - 563 
- .592 - .562 
-.486 

















. .. . . . . . . - ... - . . _. 
1 -  
\ \  -. 
Figure 1.- The pos i t i ve  sense of forces,  moments, and angles.  
23 
0 
7 tArea = 2.3.62 sq ft 
I 
_. 
Wing chord l i n e  
( a )  Pr inc ipa l  dimensions i n  inches. 
Figure 2.- Pr inc ipa l  dimensions of model, p rope l le r  blade form curves, and photograph showing model 
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( b )  Propel le r  blade form curves. 
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( e )  Photograph of model. 
Figure 2. - Concluded. 
L-63-6467 
26 
Krueger flap Droop nose 
Extended flap 
Leading-edge slat 1 
1 
Chord line 
6f - 500 
\ 
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a, des CD.8 
( a )  Aerodynamic charac te r i s t ics .  
Figure 4.- Aerodynamic and f l o w  charac te r i s t ics  of t he  model with basic leading edge and with trail ing-edge f l a p  deflected. 
6f = 0'. (Not re t rac ted . )  
0 a = O  
, i  ' 
0 
a = 20 
a = 30 0 
0 a = 50 
0 a = 70 
a = 80' 
Flow characteristics; CT = 1.00. 
Figure 4.- Continued. 
a = 90' 
I I1 ll11l111lll I I 1  I 
0 = 5O 
u = 15' 
' I I i I \ "  
0 = 70° 
a = 40' a i 65' 
(c) Flow characteristics; C T , ~  = 0.95. 
Figure 4.- Continued. 
30 
I 
a = 5' D = 3oo 
I I  , ,. , ._ 
a i 15' a = 40' a = 65' 
a - 70' 
(a) F l o w  characteristics; C T , ~  = 0.90. 
Figure 4.- Continued. 
L-63-7529 
IIIIII I1 I 
(e) Flow characteristics; C T , ~  = 0.80. L-63-7530 
Figure 4.- Continued. 
(f) Flow characteristics; C T , ~  = 0.60. 
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( g )  Flow characteristics; CT,s = 0.30.  
Figure 4. - Continued. 
34 i 
0 a = -20 
0 a = -15 
0 a = -5 
(h) Flow characteristics; C T , ~  = 0 .  
Figure 4.- Concluded. 
63- 7533 
35 
( a )  Aerodynamic charac te r i s t ics .  
Figure 5.- Aerodynamic and flow charac te r i s t ics  of the  model with basic leading edge and with trail ing-edge f l a p  deflected.  
6f = 200. 
0 a - 0  
0 a = 5  
0 a = 10 
0 a = 15 
, I , / .  . < ,  
, .  
I .  
\ , , ,  , I "  
' !  ' .  " '  
0 a = 20 a = 60' 
. , , , , , , . .  , 
" I , ,  
0 0 a = 30 a = 70 
a = 40" a = 80' 
0 0 a = 50 a = 90 
(b) Flow characteristics; C T , ~  = 1.00. 
Figure 5.- Continued. 
L-63-7534 
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I l1l11l111111111111 I 
a = 0' 
a = 10' 
a = 15' 
(c) Flow characteristics; C T , ~  = 0.95. 
Figure 5.- Continued. 
u = 70' 
L-63-7535 
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~ .. - ... . , , , 
. ,. 
( d )  Flow charac te r i s t ics ;  C T , ~  = 0.90. 
Figure 5.- Continued. 
L- 63-7536 
39 
I Il 1111lI IIIIII 
0 a - 0  
0 a = 20 
0 a = 5  
a = 10" 
a = 15" 
0 a = 25 
0 a = 30 
0 a = 40 
a = 45 0 
a = 50' 
(e) Flow characteristics; C T , ~  = 0.80. 
Figure 5.- Continued. 
0 a = 55 
40 
(f) Flow characteristics; CT,s = 0.60. L-63- 7538 
7 
. .  
a = oo a = 10' a = 20' 
a = 5' a = 15' 
(g) Flow characteristics; CT,s = 0.30. 
Figure 5.- Continued. 
L-63-7539 
41 
I1 l1ll 111ll11l1 l l l l l l l  I l l  I1 II 
0 
a = -20' a = 15 
0 a = -15 
0 a = -10 
a = 20" 0 a = 5  
. ... . . 
. . , ; . . I ! .  , 
I , ,  
\ .  
, ,  / .  ( .  
k, ' 
. * , , / ; ,  I " " ' . ' ,  
/ ' *  ' q b ' "  
, l ! ) ,  I l ' ,  
0 a = 25 0 a =  10 
L-63-7540 
0 a = -5 
(h) Flow characteristics; CT,s = 0. 
Figure 5.- Concluded. 
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-20 -10 0 10 40 70 80 90 -1.0 -.s 0 .S 1.0 1.5 
0. deg CD,S 
(a) Aerodynamic characteristics, 
Figure 6.- Aerodynamic and flow characteristics of the model with basic leading edge and with trailing-edge flap deflected. 
6f = 400. 
I I I Ill I1111111 Ill I1 I 
0 0 a = 20 a = 60 0 0 - 0  
0 0 a = 40 0 a = 80 a =  10 
0 
a =  15 a = 50' a = 90' 
(b) Flow characteristics; C T , ~  = 1.00. L-63-7541 
Figure 6.- Continued. 
I 
( c )  Flow cha rac t e r i s t i c s ;  C T , ~  = 0.95. L-63-7542 
Figure 6.- Continued. 
45 
l1l11l1111l I I 
I , ,  " . , i  
0 a = O  
I / *  , . 
0 a - 5  
0 a = 10 
0 a = 55 0 a = 35 0 a = 15 
(a) Flow characteristics; C T , ~  = 0.90. L- 63 -7543 
Figure 6.- Continued. 
46 
0 0 a = 15 a = 35 0 a = -5 
(e) Flow characteristics; C T , ~  = 0.80. L-63- 7544 
Figure 6.- Continued. 
47 
I I Il1 1ll111llI I1 
0 a = -20 
0 a J -15 
0 a = O  
... 
0 u = 5  
. 
0 a = 10 0 a = -10 
0 a = 15 0 a = -5 
, , > . * ,  
0 a = 20 
0 a = 25 
. .  
. . . . .  I 
0 a = 30 
0 
a = 35 
(f) Flow characteristics; CT,s = 0.60. 
Figure 6.- Continued. 
48 
0 
0 = -20 
0 a = -15 
0 a = -5 
0 0 
0 - 0  o = 15 
0 
0 = 20 0 0 = 5  
0 o = 25 0 a = 10 
(g) F l o w  characteristics; C T , ~  = 0.30. 
Figure 6.- Continued. 
L- 63- 7546 
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_. . . - . .. . 
I I l1ll 111ll11ll1 I I Ill1 1 
0 a = -20 0 a = O  0 a = 15 
0 a = -10 
0 a = -5 
0 a = 5  0 a = -15 0 a = 20 
0 a = 10 
(h) Flow characteristics; CT,s = 0. 
Figure 6. - Concluded. 
0 a = 25 
L- 63-7547 
( a )  Aerodynamic characterist ics.  
Figure 7.- Aerodynamic and flow charac te r i s t ics  of the  model with basic leading edge and with trailing-edge f lap  deflected. 
Sf = 500. 
1111111lIl I I I 
a = 60' 0 0 a - 0  a 7 20 
a = 30' 0 a = 5  
a = 80" 0 a = 40 0 a = 10 
a = 90' 0 a = 50 0 a = 15 
(b) Flow characteristics; C T , ~  = 1.00. 
Figure 7.- Continued. 
L- 63- 7548 
o = 15' 
0' 5" 
0 = uo 
a - 5' 
0 = loo 
a = 30' n 
0 = 35O 
(c) Flow characteristics; C T , ~  = 
Figure 7.- Continued. 
0 . 45O 
a = 50' 
0.95. 
53 
1111 I I I I I I I Ill I I 
0 a = 5  0 a = 25' a = 45 
a = 30' a = 50' 0 a = 10 
0 a = 55 0 a = 15 
(a) Flcw characteristics; CT,S = 0.90. 




0 n = -10 0 n = 10 
0 n = -5 
0 n = O  0 n = 20 
0 n = 5  
0 n = 30 
n = 25" 
Flow characteristics; CT,s = 0.80. 
Figure 7.- Continued. 
Il1l11l11 I1 I 
0 a = -20 
0 a = -10 
0 a = -5 
(f) Flow characteristics; C T , ~  = 0.60. 
Figure 7.- Continued. 
0 a = -20 
0 a = -15 
0 a = -10 
0 a = -5 
a = O  0
0 
a = 5  
( g )  Flow characteristics; C T , ~  = 0.30. 
Figure 7. - Continued. 
a = 10' 
0 a = 15 
a = 20' 
L-63-7555 
57 
. .. . .. 
I I 1111llIIlIl I I I . .  . 
0 a = -20 a =,-T 
,. 
0 a = -15 a = 0' 
0 a = -10 
0 a . 5  
0 a = 10 
0 a = 15 
(h )  Flow cha rac t e r i s t i c s ;  C T , ~  = 0. 
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(a) Aerodynamic characteristics. 
Figure 8.- Aerodyrmnic and flow characteristics of the model with basic leading edge and with trailing-edge flap deflected. 
8f = 60°. 
0 0 a = 20 a = 50 
0 a - 0  
, , ! " ,  
' ( j '  I"' 
a = 30' a = 60' 0 a = 5  
0 0 a = 10 a = 40' a = 70 
(b) Flow characteristics; CT,s = 1.00. 
Figure 8.- Continued. 
60 
L-63-7555 
, a  = -10' 
a = 0' 
a = 15' a - 40' 
a = 20' a - 45O 
u = 30' a = 55' 
(c) Flow characteristics; CT,s = 0.95. 
Figure 8.  - Continued. 
61 
a = -20' 
. a = -15' 
a = -10' 
n = -5O 
n = oo 0 - 25O a = 50' 
(d) Flow characteristics; C T , ~  = 0.90. 
Figure 8.- Continued. 
L-63-7557 
62 
0 0 0 a = -15 0.5 o = 25 
a = -lou a = IO' a = 30' 
, / '  . 
0 0 0 a = 15 a = 35 a = -5 
0 a = 20 a = 40' a = 0' 
(e) Flow characteristics; CT,S = 0.80. 
Figure 8.- Continued. 
L-63- 7558 
, , s . . . ,  . .  
I :  
0 a = 20 0 0 a = -20 a = O  
0 0 a = 5  a = 25 0 a = -15 
0 0 
a = -10 a = 10 a = 30' 
0 a = 15 0 a = -5 
(f) Flow characteristics; CT,s = 0.60. 
Figure 8.- Continued. 
64 
. . . . . . . . . . . ... - I 
I 
a = zoo 0 0 a = -20 a = O  
0 0 
a = -15 a - 5  a = 25' 
0 0 0 a = -10 a = 10 u = 30 
, . ,  . . , . "  
0 0 a =  -5 a = 15 
( g )  Flow characteristics; C T , s  = 0.30.  
Figure 8. - Continued. 
L-63-7560 
65 
, ,  . . . .  
0 a = -20 
0 a = -15 
0 0 a = 10 a = 25 
(h) Flow characteristics; CT,s = 0. 
Figure 8. - Concluded. 
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(a) Aerodynamic characteristics. 
Figure 9.- Aerodynamic and flow characteristics of the model with basic leading edge and with trailing-edge flap deflected. 
6f = 60°; alternate hinge point. 

( c )  Flow characteristics; CT,s = 0.95. 
Figure 9. - Continued. 
L-63-7563 
u i -20' 
u i -15' 
0 = 5' 
u = 35' 
u = 25' 
B 
.. . .. I , .  ,,,,, ; ; ' , ' ; - "  
u = 5u3 
( a )  Flow characteristics; CT,S = 0.90. 
Figure 9.- Continued. 
0 a j -15 a = 25' 
0 a - 5  
0 a = IO 0 a = -10 
0 a = -5 
0 a = O  
a = 35' 0 a = 15 
0 
a = 20' a = 40 
Flow charac te r i s t ics ;  CT,s = 0.80. L- 63- 7565 
Figure 9.- Continued. 
(f) Flow characteristics; CT,s = 0.60. 
Figure 9. - Continued. 
L-65-7566 
0 0 
0 - 0  a = 15 0 0: = -20 
, 1 .  
, . _  
. . . . . ,  
0 a = 20 
. .  
I , ,  
, I . .  . .  
, . ,  . , 
0 a = 25 0 a = 10 0 a = -10 
0 a = -5 
( 9 )  Flow characteristics; CT+ = 0.30. 
Figure 9.- Continued. 
L-63-7567 
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0 a = -10 a = 10' 0 a = 25 
0 a = -5 
(h) Flow characteristics; CT,s = 0. 
Figure 9.- Concluded. 
74 
(a) Aerodynamic characteristics 
Figure 10.- Aerodynamic and flow characteristics of the model with trailing-edge flap deflected b o  and leading-edge droop 
deflected 20°. 
0 a = 10 
a = 30' a = 70' 
a = 40' a = 80' 
a = 90' 0 a = 50 
(b) Flow characteristics; C T , ~  = 1.00. 
Figure 10. - Continued. 
L-63-7569 
( e )  Flow characteristics; C T , ~  = 0.93. 
Figure 10. - Continued. 
L- 63- 7570 
77 
(a) Flow characteristics; CT,s = 0.90. 
Figure 10.- Continued. 
L-63-7571 
0 
a - 0  a = 20' a = 40' 
0 a = 5  a = 45' 
0 a = 25 
(e) Flow characteristics; C T , ~  = 0.80. 
Figure 10.- Continued. 
a = -20" 
0 a = -15 
0 a = -10 
0 a = -5 
, .  
, , . , / ,  
0 0 a = O  a = 20 
. . ,  
. . ,  . , /  , 
1 ,, I ,  I , ,  
0 a = 25 0 a = 5  
a = 30" 0 a = 10 
0 a = 35 0 a = 15 
Flow characteristics; CT,s = 0.60. L-63-7573 
Figure 10. - Continued. 
80 
, )  
( . I  , ? ,  , , t  . .  ' I I '  ' 
, \, , .  
0 a =  15 0 a = O  0 a = -20 
, . I . . <  
0 a = 20 0 a = 5  0 a = -15 
. . .  
0 a = io 0 a = -10 a = 25' 
(9) Flow charac te r i s t ics ;  C T , ~  = 0.30. 
Figure 10.- Continued. 
81 
I 
0 a = -20 
0 a = -15 
0 a = -10 
( h )  Flow charac te r i s t ics ;  C T , ~  = 0.  




(a) Aerodynamic characteristics. 




0 0 a = 60 0 0 - 0  a = 20 
0 0 0 a =  10 a = 4 0  a = 80 
0 0 0 a = 15 a = 50 a = 90 
(b) Flow characteristics; C T , ~  = 1.00. 
Figure 11. - Continued. 
L-63-7576 
84 
a = 0' 
a = 20' 
a = 25' 
a = 5' a = 30' 
a = 10' a = 35' 
a = 15' a = 40' 
( e )  Flow characteristics; C T , ~  = 
Figure 11. - Continued. 
a = 50' 
a = 60' 
a = 65' 
85 
a = -IO' a = 15' a = 40' 
a = 20' a = 45' 
a = 5' 
a = IO' 
a = 30' a = 5' 
a = 35' a = 60' 
(d) Flow characteristics; CT,s = 0.90. 




a = 30' 0 a = 10 0 a = -10 
0 a = 35 0 0 a = -5 a = 15 
a = 20' a = 40' 0 a - 0  
0 a = 25 a = 45' 0 a = 5  
(e) Flow characteristics; CT,s = 0.80. 
Figure 11. - Continued. 
1-63 -7579 
I 
0 a = -20 
0 a = -15 
0 a = 20 0 a - 0  
0 a = 25 0 a - 5  
0 a = -10 a = 30' 0 a 10 
0 a = -5 0 0 a = 15 a = 35 
aa 
L- 63- 7580 Flow charac te r i s t ics ;  C T , ~  = 0.60. 
Figure 11. - Continued. 
0 0 0 a = -20 a - 0  a = 15 
0 a = 20 0 0 a = -15 a - 5  
0 a = 10 0 a = -10 
( 9 )  Flow characteristics; C T , ~  = 0 . j O .  
Figure 11.- Continued. 
1 
0 a = 10 0 0 a = -20 a = -5 
0 a = 15 0 0 a = -15 a = O  
a = 20' 0 0 a = -10 a = 5  
(h) Flow characteristics; C T , ~  = 0. 
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(a) Aerodynamic characteristics. 
Figure 12.- Aerodynamic and flow characteristics of the model with trailing-edge flap deflected 50° and leading-edge droop 
deflected 10'. 
1111.1111111 I I  11111111 I I I  1 
0 a = O  
0 a = 5  
0 a = 10 
a = 15' 
a = 60 0 
a = 70' 
0 a = 40 0 a = 80 
0 a = 50 
Flow characteristics; C T , s  = 1.00. 
Figure 12.- Continued. 
0 a = 90 
L- 63 - 7583 
( c )  Flow charac te r i s t ics ;  CT,s  = 0.95. L-63-7584 
Figure 12. - Continued. 
93 
a = -15O a = IO' a = 350 
u = -loo u = 15' a = 40' 
. , ( . , * . .  ' 
a = oo a = 25' a = 50' 
u = 5" a = 30' u = 55O 
(d) Flow characteristics; C T , ~  = 0.90. 
Figure 12. - Continued. 
L-63- 7585 
94 
, , ., - 
. , I . , ,  
0 a = -10 0 a = 10 a = 30' 
0 a =  -5 
0 a - 0  
0 a = 15 
a = 20' a = 40' 
0 a = 5  0 a = 25 
Flow characteristics; CT,s = 0.80. 
Figure 12. - Continued. 
0 a = 45 
95 
I .1111ll11ll1111l1 Illll I II I1 I 
0 0 
a = -20 a = O  a = 20' 
0 0 a = 5  a = 25 ~0 a = -15 
0 0 a = 10 a = 30 
0 a = -10 
. * ' , . ' . ' ,  
0 a = 15 0 a = -5 
(f) Flow characteristics; CT,s = 0.60. 
Figure 12. - Continued. 
U 1' 
0 B a = -20 I 
0 a =  -15 
0 a = -10 0 a = 10' a = 25 
. . I  
_ . . -  
, , I - ,  8 ,  
0 a = -5 
( 9 )  Flow characteristics; CT,s = 0.30. 




0 a = 20 0 a = 5  0 a = -10 
(h) Flow characteristics; CT,s = 0. L-63-7589 
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( a )  Aerodynamic characterist ics.  
Figure 1 3 . -  Aerodynamic and flow charac te r i s t ics  of the model with trailing-edge f lap  deflected 50° and leading-edge droop 
deflected 2 0 ~ .  
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(b) Flow characteristics; CT,s = 1.00. 
Figure 1.3. - Continued. 
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a = 5' 
(c) F l o w  characteristics; C T , ~  =
Figure 15. - Continued. 
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(d) Flow characteristics; C T , ~  = 0.90. 
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(e) Flow characteristics; CT,s = 0.80. 
Figure 1s.- Continued. 
0 a = 45 
a = -20" 
0 az -15  
0 a = -10 
a = O  0 a = 20" 
Flow characteristics; C T , ~  = 0.60. 
Figure 13. -  Continued. 
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( 9 )  F l o w  characteristics; CT,s = 0.30. 
Figure 13. - Continued. 
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(h) Flow characteristics; CT,s = 0. 
Figure 13. - Concluded. 
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(a) Aerodynamic characteristics. 
Figure 14. - Aerodynamic and f low characteristics of the model with trailing-edge flap deflected 50’ and leading-edge droop 
deflected 30°. 
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(b) Flow characteristics; CT,s = 1.00 
Figure 14.- Continued. 
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(c) Flow characteristics; CT,s = 0.95. 
Figure 14.- Continued. 
a = 5O n = 30' 
(a )  Flow characteristics; CT,s = 0.90. 
Figure 14. - Continued. 
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(e) Flow characteristics; CT,s = 0.80. 
Figure 14.- Continued. 
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( f )  Flow cha rac t e r i s t i c s ;  CT,s = 0.60. 
Figure 14. - Continued. 
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(9)  Flow characteristics; C T , ~  = 0.30. 
Figure 14. - Continued. 
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(h) Flow characteristics; CT,s = 0. L-63-9203 
Figure 14. - Concluded. 
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(a) Aerodynamic character is t ics .  
Figure 15.- Aerodynamic and flow character is t ics  of the model with trailing-edge flap deflected 20° and with a Krueger 
leading-edge flap deflected 300. 
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(b) Flow characteristics; C T , ~  = 1.00. 
Figure 15. - Continued. 
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(c) F l o w  characteristics; C T , ~  = 0.95. L-63-9205 
Figure 15. - Continued. 
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(d) Flow characteristics; CT,S = 0.90. L-63-9206 
Figure 15.- Continued. 
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(e) Flow characteristics; C T , ~  = 0.80. L-65-9207 
Figure 15. - Continued. 
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L-63-9208 (f) Flow characteristics; CT,s = 0.60. 
Figure 15. - Continued. 
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( 9 )  Flow characteristics; CT,s = 0.30. 
Figure 15.- Continued. 
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(h) Flow characteristics; CT,s = 0. 
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(a )  Aerodynamic characterist ics.  
Figure.16.- Aerodynamic and flow charac te r i s t ics  of the  model with trailing-edge f l ap  deflected wo and with a Krueger 
leading-edge f l ap  deflected WO. 
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(b) Flow characteristics; CT,s = 0.90 
Figure 16.- Continued. 
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Flow characteristics; CT+ = 0.80. 
Figure 16. - Continued. 
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(a) Flow characteristics; CT,s = 0.60.  
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(a) Aerodynamic characteristics. 
Figure 17.- Aerodynamic and flow characteristics of the model with trailing-edge flap deflected 50° and with a Krueger 
leading-edge flap deflected 600. 
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(b) Flow characteristics; CT,s = 0.90. L-63-9214 
Figure 17. - Continued. 
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Flow characteristics; CT,s = 0.80 
Figure 1.7.- Continued. 
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(d )  Flow charac te r i s t ics ;  CT,s = 0.60. 
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( a )  Aerodynamic characterist ics.  
Figure 18.- Aerodynamic and f l o w  charac te r i s t ics  of the  model with trailing-edge f l ap  deflected wo and with a Krueger 
leading-edge f lap  deflected TOo.  
(b) Flow charac te r i s t ics ;  CT,s = 0.90. 
Figure 18. - Continued. 
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(c) F l o w  characteristics; CT,s = 0.80. 
Figure 18. - Continued. 
0 a = 45 
L-63-9218 
133 
0 0 - 5  
(d) Flow characteristics; C T , ~  = 0.60. 











10 20 30 40 50 60 -1.0 -.5 0 .5 1.0 -20 -10 0 
( a )  Aerodynamic characterist ics.  
Figure 19.- Aerodynamic and flow charac te r i s t ics  of the model with trpiling-edge f l ap  deflected 50' and with a Krueger 
leading-edge f l ap  deflected 80°. 
(b) Flow characteristics; CT,s = 0.90. L-63-9220 
Figure 19. - Continued. 
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F l o w  characteristics; C T , ~  = 0.80. 
Figure 19. - Continued. 
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(d) Flow characteristics; C T , ~  = 0.60. 
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( a )  Aerodynamic characterist ics.  
Figure 20.- Aerodynamic and flow charac te r i s t ics  of the  model with trailing-edge f l a p  deflected wo and leading-edge s l a t  
deflected 200. h = 0.012. 
(b) Flow characteristics; CT,s = 0.90. L-63-9223 
Figure 20.- Continued. 
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(c) Flow characteristics; CT,s = 0.80. 
Figure 20. - Continued. 
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(a )  Flow c h a r a c t e r i s t i c s j  CT,s = 0.60. L-63-9225 
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(a)  Aerodynamic characterist ics.  
Figure 21.- Aerodynamic and flow charac te r i s t ics  of t he  model with trailing-edge f l ap  deflected mo and leading-edge slat 
deflected 200. E = 0.024. 
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(b) Flow characteristics; CT,s 
Figure 21. - Continued. 
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Flow characteristics; CT,s = 0.80. L-63-9227 
Figure 21. - Continued. 
I 
0 0 0 a = -20 a = O  a = 20 
0 0 0 a = -15 a = 5  a = 25 
. . .  , .  
" ' " ' I '  
a = 30' 0 0 a = -10 a =  10 
0 a = 35 0 0 a = -5 a = 15 
(a) Flow characteristics; CT,s = 0.60. L-63-9228 
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( a )  Aerodynamic characterist ics.  
Figure 22.- Aerodynamic and flow charac te r i s t ics  of the  model with trailing-edge f l ap  deflected 50° and leading-edge s l a t  
deflected 30°. = 0.012. 
(b) Flow characteristics; C T , ~  = 0.90. 
Figure 22. - Continued. 
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(c) Flow characteristics; CT,s = 0.80. 
Figure 22. - Continued. 
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( d )  Flow cha rac t e r i s t i c s ;  CT+ = 0.60. L-63-9231 
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( a )  Aerodynamic character is t ics .  
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Figure 23.- Aerodynamic and flow character is t ics  of the model with trailing-edge f lap  deflected 500 and leading-edge s l a t  
deflected 30'. h = 0.024. 
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Flow characteristics; CT,s = 0.80. 
Figure 23.  - Continued. 
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(a) Flow charac te r i s t ics ;  CT,s = 0.60. 
Figure 23.  - Concluded. 
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